Automation of Library Operations in Sri
Lanka: a cost effective web-based solution developments in this field. The designing and commissioning of Online Public Access Catalogues (OPACs) became an accepted operation, widely spread among the library community. In this sphere of activity, several commercial library software packages with enhanced facilities have been introduced. This too has imposed a challenge to the capability of the CDS/ISIS package in this venture.
Discussions have taken place in some learned forums in Sri Lanka about the possibility of deviating from the existing automated library systems to commercially viable systems in order to keep pace with new developments. LibSys and Alice for Windows are the most discussed commercial library packages with full integration. There are distinctive debates amongst library professionals in the country about the advantages and disadvantages of such integrated systems.
In this connection, it is of paramount importance to develop a suitably viable package locally with features designed to bridge the gap between CDS/ISIS and some of the commercial library packages such as Alice for Windows or LibSys. For a multilingual country like Sri Lanka, an integrated library software package with in-built facilities for multilingual database creation would also help to cope with the present problems of information management. Some multilingual software packages that have been introduced to libraries in Sri Lanka in the past ended with no success. As software developers, it is a necessity to experiment and work for a cost-effective, multilingual library package with a user-friendly interface and facilities to integrate physically dispersed libraries through the Internet.
HISTORICAL BACKGROUND OF CDS/ISIS
CDS/ISIS for microcomputers, developed by UNESCO in 1985, is one of the most widely-utilized library packages in Sri Lanka. It is a menu-driven generalized information storage and retrieval system designed specially for the management of structured non-numerical databases. The package offers an integrated programming facility permitting the development of specialized applications and the functional extension of the software (Buxton, 1994) . In CDS/ISIS, users can define and maintain databases, automatically build and maintain fast access files for each database in order to maximize retrieval speed and develop specialized applications using the CDS/ISIS integrated programming facilities. Version 1.0 of CDS/ISIS was introduced in 1985 and consisted of five programs, which were run separately
INTRODUCTION
The present library system in Sri Lanka caters for the information and educational supplement needs of nearly 23 percent of the entire population of some 18.5 million persons. Public, academic and special libraries in Sri Lanka play a prominent role in fulfilling the information needs of the general public, as well as those of the elite, in varying degrees. There are nearly 3,000 school libraries in the country for 4 million students and approximately 600 public and rural libraries transferring knowledge to the grassroots level.
Speedy information procurement and dissemination are of predominant importance among all the activities that can be expected from libraries. In order to accomplish this task, proper acquisition, organization and dissemination procedures require to be adopted. Manual procedures in library routines have been overtaken by mechanized or automated systems during the past few decades. Resource sharing has evolved to gain maximum utilization of available limited resources and to minimize the rising costs of the maintenance, development and administration of systems.
The installation of the first ever computer in Sri Lanka dates back to 1964. There were sixty-five computers operating in the country by 1981, of which seventeen were in institutions with organized libraries. As statistics reveal, computers were not utilized for library operations till the end of 1982. An integrated software package tailored by UNESCO for library operations was introduced in 1982 and came into operation under the name CDS/ISIS Ver. 1.03 (Computerized Documentation System/Integrated Set of Information Systems). The university library system entered the automation scenario in 1991 and decided to adopt CDS/ISIS with the MIBIS (Microcomputer Based Bibliographic Information Systems) data structure developed by the International Development Research Centre (IDRC) for their databases (Perera, 1994) .
The introduction of the Windows version of CDS/ ISIS named WINISIS in place of the traditional DOSbased version became a milestone in facing the challenges imposed by the latest developments in this sphere. WebIsis, JavaIsis, and DelphiIsis are some of the latest but acted on the same database. One of the programs performed data entry and information retrieval and the others performed Main Menu, Sorting & Printing, Database Definition, Master File Services and System Utility Services. Version 2.0 was released in 1988 with the CDS/ ISIS Pascal programming interface, enabling the basic package to be extended with additional functions. Version 3.0, released in 1993, supported the LAN and UNIX platforms.
The Turning Point of CDS/ISIS
CDS/ISIS thrived in DOS environments and mostly benefited the developing countries for their information needs. After the PC operating system scenario changed from DOS to Microsoft Windows and UNIX, DOS versions of the CDS/ISIS faced a remarkable challenge from these later platforms, and the emergence of a Windows version was inevitable. Giampaolo Del Bigio of UNESCO developed a prototype This version provided two search strategies; expert search and guided search. Records can be exchanged using the Import/Export Dialog Box.
RECENT CHALLENGES FOR CDS/ISIS
With the emergence of OPACs and the Internet, the inadequacy and slow pace of operations within the CDS/ ISIS system created a hindrance in coping with the management of information in all disciplines. There is thus a paramount need for developing a low-cost but effective integrated database management system (DBMS) to tackle the growing demands of information handling in a developing country like Sri Lanka.
A few experimental prototype DBMS have been developed in Sri Lanka using ISIS and other interfaces. PURNA -a DOS based integrated system -was developed under the auspices of the then National Agency for Research, Energy, Science and Agriculture (NARESA) (now the National Science Foundation: NSF) in 1997 using the CDS/ISIS DOS version to handle acquisition, cataloguing, indexing, circulation, serials management and current awareness services in Sri Lankan libraries. This system is currently being used in thirty-four special and academic libraries in the country.
The DOS and Windows versions of CDS/ISIS are widely used in Sri Lankan universities in combination with the MIBIS data structures for their library catalogues and serials control activities. The Agricultural Information System (AIS) database is also constructed using CDS/ ISIS and is operational in AGRINET libraries in Sri Lanka (Yapa, 1994) . WINISIS is used in the National Library of Sri Lanka for its Union Catalogue (UNICAT).
A WEB-BASED LOW-COST SOLUTION
Our studies revealed that a system with the following capabilities would satisfy the needs of most Sri Lankan libraries:
• inter-library search and loan • virtual office environment • complete accessibility through dialup, intranet and
Internet
• local technical support • a simple multilingual graphic user interface (GUI) • exchange of data with other packages • low cost (specially the maintenance cost) • multilingual data • scalability • multi-user and multilevel security • Y2K compliant.
A locally developed web-based system capable of integrating several physically dispersed databases would therefore be an ideal solution.
Selection of a Platform for Development
Today there are varieties of computers in the world running on various operating systems. When developing an application for Internet users, it is necessary to identify the most suitable platform. MS Windows 95/98 and Windows NT and UNIX (including Linux and FreeBSD) are the most widely used operating systems in Sri Lanka. UNIX is popular among researchers and educational users. Java is widely used as the language for web-based applications due to its platform independence, support for object-oriented design, built in functions, minimum resource requirements, functionality and performance. As far as hardware is concerned, Intel-based personal computers are the most suitable, mainly due to their affordable price and availability. Most computer vendors in Sri Lanka provide systems (PCs) with Windows 95/98 and Microsoft Office preinstalled. We therefore decided to use MS Access as the DBMS for our prototype.
Work Carried Out at the Department of Statistics and Computer Science
Recent research at the Department of Statistics and Computer Science (DSCS) of the University of Colombo involved the identification of the information needs of Sri Lankan libraries, the design of the necessary databases and the development of a user-friendly front end to integrate multiple online databases through the Internet. The scalability and transparency of the final system was also a main concern.
The development took place in two phases. The first phase focused on developing a web-based interface to integrate physically dispersed databases, or the front-end of the system (Kumara et al., 1998) . This is essential, since individual libraries maintain their own information while exchanging relevant information with other libraries. The second phase focused on identifying the information requirements of Sri Lankan libraries and designing and developing databases and relevant programs for the backend of library automation systems (Dilrukshi, 1999) .
The Functionality of the System
As illustrated in Figure 1 , our approach employed a standard three-tier architecture dividing processing among a Java application server, Java applets downloaded to the client and a database or a resource manager. The web server's role here is to provide Java applets to the client. Once downloaded to the client, these applets directly communicate with the Java applications server (or the database server) mostly using RPC (Remote Procedure Calls). The Java application server communicates with the back-end resources using Java-clad native database drivers or JDBC (Java Database Connectivity).
The detailed actions performed by the system are:
1. the client runs a Java enabled web browser 2. the client calls a web page (URL of the library system) on a web server, which responds with the web page and Java applets 3. the middle tier can return data as straight HTML or establish a direct connection back to component running on the client (Java applet) using a protocol such as IIOP, RMI or DCOM 4. using JDBC or JDBC-ODBC bridge, the client can execute transactions.
The client can be a PC or a workstation with a Javaenabled browser. The web server can be a Windows NT running MS IIS or a UNIX running an httpd. We used MS Access and Oracle 7.3 on Windows NT as database servers.
. . . In order to integrate multiple databases or, more specifically, to search physically dispersed library databases, we adopt a multi-tier design in which the client communicates with an intermediate server that provides a layer of abstraction from the relational database management system (RDBMS) as illustrated in Figure 2 . The technical details of our approach are beyond the scope of this paper, but they are available in other sources (Kumara et al., 1998; Dilrukshi, 1999) . Once installed on a computer with full Internet connectivity, the system would be totally accessible through the Internet. Users just have to type the URL of the library in their Java-enabled web browser. The system expects • Statistical information: the librarian can use this to get statistical reports.
A complete description is available elsewhere (Dilrukshi, 1999) .
Evaluation
The system was evaluated at a couple of locations based on the following criteria:
• the interface -how well the user likes it • user friendliness -interactiveness, ease of use and help facilities
• available features -compared to what other affordable systems provide
• functionality -consistency, accuracy and response times
• drawbacks -weaknesses and shortcomings of the current version
• improvements -users opinions.
The results of the evaluation are summarized below. Many users suggested improvements to the current version. They include tri-lingual support, multi-platform support and data import/export facilities. Some of the drawbacks identified were response time when searching large databases and unavailability of automatic data conversion facilities.
